INTRODUCTION 25
Mitochondrial diseases are caused by mutation of either mitochondrial DNA or of 26 nuclear DNA that encodes genes related to mitochondrial function. Mitochondrial 27 diseases result in dysfunction of the respiratory chains that are important for producing 28 adenocine triphosphate (ATP) in eukaryotic cells (1). More than half of the known 29 mitochondrial diseases cause various levels of sensorineural hearing loss (SNHL) (2) 30 that is classified into either non-syndromic or syndromic hearing loss. Mitochondrial 31 diseases with syndromic hearing loss include mitochondrial encephalomyopathy, lactic 32 acidosis, and stroke-like episodes (MELAS), myoclonic epilepsy with ragged-red fibers 33 (MERRF), maternally inherited diabetes with deafness (MIDD), Kearns-Sayre 34 syndrome (KSS), and chronic progressive external ophthalmoplegia (CPEO) (Table)  90 mitochondrial diseases. The patients-1 male and 4 females-ranged from 30 to 64 92 years in age. Four of the patients had m.3243A>G mutation. Three patients were 93 diagnosed with MELAS and one patient was diagnosed with MIDD. One patient (case 4) 94
was not diagnosed with a specific mitochondrial disease because he presented with an 95 atypical set of symptoms (deafness, ataxia, mild cognitive deficits, and paroxysmal 96 supraventricular tachycardia). However, he was diagnosed with a general 97 mitochondrial disease because he showed the m.3243A>G mutation and ragged-red 98 fibers were observed in his muscle biopsy specimens. Another patient (case 3) refused to 99 undergo a genetic test and a muscle biopsy test. However, she was clinically diagnosed 100 with MELAS due to typical symptoms (stroke-like episodes, seizures, hemiplegia, 101 cognitive deficits, ataxia, short stature, and deafness) and typical MRI imaging findings 102 (basal ganglia calcification, cerebellar atrophy, and chronic infarcts involving multiple 103 vascular territories). Patients in cases 1, 2, and 3 died 12, 4, and 2 years after CI surgery, 104 respectively. 105 106
Surgical findings 107
We did not find any inner ear anomalies and smooth and complete electrode insertion 108 detected in 3 cases. The implants used in the other 2 cases (cases 1 and 3) were 110 incompatible with ECAP measurements. 111
Although susceptibility to malignant hyperthermia in patients with mitochondrial 112 diseases has been reported (21) results were consistent with these previous reports (Figure 2-4) . However, most of the 144
Since impairment of retrocochlear function may occur many years after CI surgeries 146 and may cause deterioration of CI outcomes, repeated evaluations over a longer period 147 are imperative. In this study, we performed the postoperative speech perception 148 performance test on 2 patients (cases 1 and 2) several times over 8 and 3 years, 149
respectively. These results showed the preservation of retrocochlear function in both 150 MELAS and MIDD patients over extended periods after their CI surgeries. While 5 151 years of follow-up of the CI outcome has been reported for MIDD patients (8), the 152 audiological evaluation in our study showed that even in MELAS, which is considered 153 more severe mitochondrial disease than MIDD (12), the retrocochlear function was 154 preserved over an extended period of time. 155
In addition to the dysfunction of central auditory pathways, cognitive problems should 156 be considered when deciding the indications for CI especially in severe mitochondrial 157 diseases such as MELAS. The cognitive deficit sometimes causes the limited usage of a 158 cochlear implant. The patient in case 3 had a strong desire to recover her hearing ability 159 prior to her CI surgery. However, she could not recognize the importance of using her 160 implant for the establishment of speech perception; she used her implant only several 161 hours per day. As a result, she could not undergo the speech perception performance test 162 deafness due to mitochondrial diseases. Nevertheless, the long-term preferable 167 outcomes of CI in mitochondrial diseases shown in this study, and the possibility of 168 
